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PCT/GB98/01971 

CONJUGATE OF POLYETHYLENE GLYCOL AND CHITOSAN 

The present invention concerns a novel conjugate between chitosan and 
polyethylene glycol (PEG-chitosan conjugate) that may be used in 
biomedical applications and particularly in the fields of antisense and gene 
therapy, drug absorption enhancement and targeting using particulate 
carriers. 



Chitosan is a biopolymer material that is derived from chitin. Chemically, 
10 chitosan is a polyglucosamine, a linear polymer of p (l->4) linked 2- 
amino-2-deoxy-D glucopyranose. Chitosan can be derived from chitin 
through a process of deacetylation. While chitin is insoluble, chitosan in 
its salt form can demonstrate acceptable solubilities at pH's below 7.0. 
Chitosan is believed to be non-toxic and can be administered to mucosal 
15 surfaces. 



Various applications for chitosan have been described in the prior art 
including its use in wound healing, controlled drug delivery, as a 
bioadhesive material and to improve the solubility of poorly soluble 
compounds. More recently it has been discovered that chitosan, because 
of its positive charge, can have an effect upon the tight junctions between 
cells and it has been shown to be effective in improving the paracellular 
transport of drugs, particularly those that are polar in character. A 
detailed review of the medical applications of chitosan can be found in the 
article by Hon in Polysaccharides in Medical Applications, Ed. Dumitru, 
S., Dekker, New York, 1996, pages 631-649. Specific examples of 
medical applications for chitosan can also be found in PCT/GB90/00291, 
in Artursson et al., Pharm. Res. 11 1358, 1994 and in Ilium et al. 
Pharm. Res. 11 1186, 1994. 
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Chttosan can be obtained in a range of moiecnlar weighs from oligomer* 
materials containing a few units of ghtcosamtae through ,„ higher 
molecular weigh, materials of more than 200,000 Daltons I„ 
pharmaceutical apptications, the higher molecular weights from 50,000 to 
500,000 Daltons are normally prefer. Chitosan can also be obtained in 
Afferent degrees of deacetylation, bu, the materials that have a 
deflation of between 60 and 90% are normally preferred. Chitosan 
can be obtained from various sources, including shell fish, fungi and other 
materials and a pharmaceutical grade of chitosan is available from 
Pronova Limited of Norway. 

Because chitosan caxries a positive charge, it can be used to interact with 
negatively charged surfaces as well as with other negatively charged 
materials including pharmaceuticals. Chitosan can also be used to modify 
the surfaces of carrier particles. For example, liposomes have been 
described where chitosan has been bound to their surfaces (Takeuchiu et 
al. (1994), Chem. Pharm. Bull. 42 1954-1956). 



Chitosan can be employed in solution, as a powder material 
microspheres or can be used as a film-forming agent. 



in 



It ts also known to modify chitosan chemically , 0 produce derivatives with 
new properties. Examples include N-acylchitosans, N-carboxyalkyl 
chttosans, N-carboxyacyl chitosans and O-carboxyalkyl chitosans. 

Simple admixtures of chitosan and polyethylene glycol (PEG) are known 
For example, chitosan/poly(ethylene oxide) polymer networks have been 
described by Pate, and Amijt (Polymer Preprints, ACS Division of 
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Polymer Chem. 1994, 352, 403 and ACS Symposium Series, 627 
Hydrogels and biodegradable polymers for Duplications, page 209)' 
The hydrogel was prepared by dissolving chitosan in acetic acid to 
produce a solution. Polyethylene glycol having a molecular weight of 10 
lalodaltons (kD) to 1 megadalton (mD) was dissolved in acetic acid and 
the resulting solution added to the chitosan solution to prepare a physical 
blend. The blend was then cross-linked with glyoxal to form the gel 
system. There was no suggestion in the work of Patel and Amiji to bond 
polyethylene glycol, also known as polyethylene oxide, directly to 
chitosan to form a PEG-chitosan conjugate. 

Chitosan/polyether hydrogels have also been described by Peng et al (J 
Polymer Science Part A, Polymer Chemistry 22, 591-596, 1994) Here 
also the chitosan and a polyether (polyoxypropylene glycol) were mixed at 
acid 1C pH and then cross-linked with glutaraldehyde. 

The attachment of polyethylene glycol to polymeric materials including 
proteins, carbohydrates and phospholipids is known - see, for example 
the article by Zalipsky, Advances in Drug Delivery Research, Jfi, 157-182 
(1995). This process is often referred to as PEGylation and this term will 
be used herein. The various chemical procedures have their advantages 
and disadvantages including the complexity of the method involved the 
ability to control the PEGylation of the selected molecule, the reversibility 
or degradability of the polyethylene glycol polymer linkage, the use of 
expensive or toxic solvents, etc. 

PCT/GB95/00686 describes microspheres for biomedical uses which 
contain a substantially spherical core particle of a non-water soluble 
polymer and an outer surface consisting substantially of a water soluble 
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PC*™, The water so,„b.e po.ytner is conjugal ,o po.yethy.ene gly cc, 
and .he non-water Mluble m ^ ^ ^ ^ ^ 

polymer hy «he po.ychy.ene glycol (PEG) mole*. The pa.cn. app.iea«i„„ 
describes debited exanap.es using PEG-dexrran conjugates. Chitosan is 
a.so mentioned as a water so.uhie po.ymer in the preparation of such 
mtcrospheres. bn, no PEG-chitosan conjugates were actna..y prepared 
Moreover, mere was no disclosure ofpattic.es in which me PEG moieties 
were pendant and exposed to the external environmenr. 

Ouchi et al. describes the preparation of PEG-chitosan by acy.atin g the 
ammo groups on the polysaccharide with the tnonometby. ether of PEG as 
me carboxylase and men covajentfy bonding this compound to 5- 
fluorouracil (5-Fu, to produce a materia, for cancer chemotherapy (Ouchi 
eta.. Macromol. Sci. Chem.. A28. 959, 1991). The active ester 
medrod was used to prepare the PEG-chitosan products in Ouchi et al and 
the chitosan was a low molecular weight material having a degree of 
polymerization of 30 which had been produced by acid treatment of 
chitosan. The 5-Fu auached to the end of the PEG chain in the PEG- 
chttosan conjugate and the resuming so.ub.e complex was administered by 
injection. J 



Ouch, e. al did no. consider that an unmodified PEG-cht«osan conjugare 
could be used for the delivery of anionic macronto.ecu.ar drugs, such as 
antisense oUgonuc.eo.ides and DNA (nuc.eic acids), nor did they consider 
ma. dte unmodified conjugate could be used as a coating agen. in Ute field 
of colloida. drug delivery through the interaction of dte positively charged 
chuosan win. negative.y charged surfaces and negative* charged colloidal 
pamc.es. Furthermore, there was no suggestion in Ouchi e. al that such 
positive* charged PEG-chtosan conjugates migh. be used to provide 
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increased absorption of drugs across mucosal surfaces through rneir 
rn.erac.iou with „ega«ive.y charged mucus or uegatively charged surfaces 
of epithelial cells. 

5 In the field of gene therapy, it is often important to be able to compact a 
Plasmid material comprising nucleic acids into a small particle for 
improved administration. The prior art describes how this may be 
accomplished using cationic polymers such as polype as well as 
cationic lipids (see for example Tomlinson and Rowland, J. Control Rel 
10 22 357-372 (1995), Mumper et al., Phann. Res. 13 701-709 (1996). A 
co-pending patent application PCT/GB97/00022 describes how such 
compaction can also be achieved using polyamidoamines to which 
polyethylene glycol has been attached. 

15 However, no examples have been reported where PEG-chitosan was used 
for the improved compaction of plasmid DNA. 

We have discovered that the modification of chitosan by the covalent 
bonding of a polyethylene glycol moiety to the chitosan molecule through 
20 the amino function (PEGylation) results in a polymer conjugate material 
that can display beneficial pharmaceutical properties, provides an 
opportunity for improvements in the delivery of drugs, vaccines 
diagnostic agents as well as for nucleic acids in the field of gene therapy' 
In particular, the PEG-chitosan conjugate may be interacted with anionic 
25 materials, such as antisense oligonucleotides and DNA (nucleic acid) and 
may be used to enhance drug absorption or for targeting using paniculate 



carriers. 
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According to a first aspect of the present invention there is provided a 
polymer conjugate comprising a chitosan moiety or a derivative thereof 
and a polyethylene glycol (PEG) moiety or a derivative thereof which are 
bonded together via the amino function on the chitosan by the use of an 
5 activated chitosan species. 

According to a second aspect of the present invention there is provided a 
polymer conjugate comprising a chitosan moiety or a derivative thereof 
and a polyethylene glycol (PEG) moiety or a derivative thereof which are 
10 bonded together, the chitosan portion of the conjugate having a molecular 
weight in the range of from 10 kilodalton to 1000 kilodalton. 

According to a third aspect of the present invention there is provided a 
composition comprising a complex formed between a PEG-chitosan 
15 conjugate and a therapeutic agent selected from the group consisting of 
oligonucleotides and nucleic acids. The PEG-chitosan conjugate comprises 
a chitosan moiety or a derivative thereof and a polyethylene glycol moiety 
or a derivative thereof which are bonded together. 

20 According to yet another aspect of the present invention there is provided 
particular compositions comprising a polymer conjugate in the form of 
chitosan covalently attached to polyethylene glycol that can be used in 
drug delivery. 

25 Chitosan is a polymeric material comprising repeating monomeric units 
having the formula: 
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HOCH 2 
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CH-O 

H < > 

CH-CH 
/ \ 
HO NH 



2 -J 



where p is an integer and represents the number of monomeric units in the 
chitosan chain, i.e. the degree of polymerisation. 

io In addition to the monomeric units shown above, chitosan will generally 
contain a proportion of the monomeric units found in chitin. This 
proportion will depend on the degree of deacetylation. Typically, the 
degree of deacetylation is in the range of from 99% to 10%, and is 
preferably in the range of from 90% to 20%, more preferably in the range 

15 of from 85% to 40%. 



It is possible to vary the degree of conversion of the chitosan to the 
PEGylated form by controlling the chemical reaction used to form the 
conjugate and so have a range of PEG-chitosan complexes for different 
20 pharmaceutical applications. The polyethylene glycol moiety may well 
increase the solubility of the PEG-chitosan conjugate or, more 
importandy, the solubility of a PEG-chitosan conjugate that has been 
complexed with a therapeutic agent such as a drug or a nucleic acid. 

25 The conversion of the amino (NH 2 ) functions within chitosan to the 
PEGylated form can be within the range of 1 to 99%. However, it is 
preferred that the conversion is in the range 10 to 90% and more 
preferably in the range 10 to 50%. 
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When it is desired to use the PEG-chitosan conjugate to interact with a 
drug or a biological membrane or to modify the tight junction of a 
mucosal surface or to coat a negatively charged microparticle, then the 
PEG-chitosan conjugate should have a residual positive charge. 

In one embodiment, the PEG-chitosan conjugate should retain sufficient 
posttive charge to allow it to interact with negatively charged (anionic) 
materials such as oligonucleotides or nucleic acids (DNA) and provide for 
compaction of the anionic species. By compaction we mean reduction in 
particle size as measured by a technique such as atomic force microscopy 
or photon correlation spectroscopy. 

In another embodiment, the PEG-chitosan conjugate should have sufficient 
positive charge to allow it to interact with negatively charged colloidal 
carriers intended for drug delivery, such as emulsions, liposomes 
microspheres and microcapsules as well as negatively charged drug 
particles of a size less than 100 microns. 

In yet another embodiment, the PEG-chitosan conjugate should have a 
sufficient positive charge to interact with mucin or epithelial cells. 

A positive charge on the PEG-chitosan conjugate can be evaluated by 
studying the interaction of the conjugate with a negatively charged 
polymer so that a polyelectrolyte complex is formed as described by 
Terayama in J. Polymer Science, fi 243 (1952). Alternatively, the PEG- 
chitosan conjugate can be absorbed onto a polymer particle such as a 
polystyrene microsphere of about 1 micron in size and the charge on the 
system evaluated by particle microelectrophoresis using an apparatus such 
as the Malvern Zeta Sizer. By a sufficient positive charge for interacting 
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with the above described anionic species, we typically mean a charge 
measured as the Zeta potential, of at least ImV and preferably in the range 
of from 1 to 200 mV at P H 7.4 in ImM HEPES buffer. In order that the 
PEG-chitosan conjugate has sufficient positive charge, not more than 90% 
of the amine groups in chitosan should be PEGylated. 

The person skilled in the art will be able to ascertain the degree of 
conversion necessary to meet the required pharmaceutical application. 

The chitosans used for the preparation of the PEG-chitosan conjugates can 
have a molecular weight in the range of from 10 kD to 1000 kD, but more 
preferably will have a molecular weight in the range of from 10 kD to 500 
kD, e.g. 20 kD to 500 kD, particularly from 30 kD to 300 kD, e.g. 
between 100 kD and 300 kD. 

The degree of polymerisation of the chitosans used in the preparation of 
the PEG-chitosan conjugates is typically in the range of from 50 to 6000, 
preferably in the range of from 100 to 3000 and particularly in the range 
of from 150 to 2000. 

The polyethylene glycol content of the PEG-chitosan conjugate is typically 
from 1 to 50% on a weight basis, preferably from 5 to 20%. 

Chitosans that have been derivatised by modification of the hydroxyl 
function could also be used. Such derivatives include O-acylated and 
alkylated materials such as O-benzoyl chitosan and O-sulphated chitosans 
as detailed in Chitin Chemistry, A F Roberts, Macmillan, 1992, p. 166. 
Thus, in the present invention the chitosan moiety in the PEG-chitosan 
conjugate may be a chitosan derivative and by the term chitosan we are 
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also intending to include derivatives thereof. Preferably, however, the 
chitosan is unmodified. 

The PEG-chitosan conjugate can be used to modify surfaces that are 
negatively charged or to interact with or form complexes with negatively 
charged molecules such as DNA, DNA plasmids or nucleic acids. The 
positively charged chitosan can bind strongly to such a negative surface 
and in doing so will expose the PEG group to the external environment. 
Such an exposed polyethylene glycol group will tend to provide for steric 
stabilization. This can lead to an improved stability, e.g. for a colloidal 
dispersion, but can also have important biological implications in 
minimising the uptake of proteins to the surface of a particle, e.g. when 
the particle is injected into the bloodstream or administered to a body 
compartment. 

The PEG-chitosan conjugate or adduct may be prepared using techniques 
known in the art for bonding PEG moieties to polymeric materials. 

In one embodiment, the PEG-chitosan conjugate is prepared by a process 
comprising the steps of: 

(1) preparing an activated PEG or an activated PEG derivative by 
incorporating an acrylic ester, an acrylic thioester or an acrylamido 
group into the PEG or PEG derivative; 

(2) reacting the activated PEG or PEG derivative with chitosan; and 

(3) recovering the conjugate of the PEG or PEG derivative and 
chitosan. 

This process allows the reaction between the PEG or PEG derivative and 
chitosan to be controlled. 
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By a PEG derivative we mean a modified polyethylene glycol, for 
example polyethylene glycol in which one or both of the terminal hydroxyl 
groups has been previously modified. Suitable PEG derivatives include 
alkoxy PEGs in which a terminal hydroxyl group(s) has been converted 
into an alkoxy group, i.e. a group having the formula RO- in which R is 
alkyl. Preferred PEG derivatives are those comprising a single alkoxy 
terminal group. Preferred alkoxy groups are C,^ alkoxy, such as 
methoxy. 

The preparation of a PEG or PEG derivative carrying an acrylic ester 
group can be carried out by reacting a PEG or PEG derivative containing 
a hydroxyl function with acryloyl chloride. 

The preparation of a PEG or PEG derivative carrying an acrylic thioester 
group can be carried out by reacting a PEG or PEG derivative containing 
a sulfhydryl group with acryloyl chloride. The preparation of a PEG or 
PEG derivative carrying an acrylamido group can be performed by 
reacting PEG or a PEG derivative containing one primary or secondary 
amine function with acryloyl chloride. The activated PEG or PEG 
derivative can be characterized by Gel Permeation Chromatography 
(GPC), FT-IR and UV spectroscopy. The degree of activation can be 
determined by end-group titration which involves adding an excess of 2- 
mercaptoethanol and titrating excess thiol with a calibrated KI/I 2 solution, 
or by UV spectroscopy, after calibration with a standard acrylamide or 
acrylic ester such as N-acryloylmorpholine or tetraethyleneglycol 
diacrylate, conducted at 233 nm. 
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Activated PEGs or activated PEG derivatives can be stored for several 
months at T ^ 4°C in the presence of a desiccant. A radical inhibitor snch 
as 4-methoxyphenol may also be added to prevent radical polymerization. 

5 The reaction of the activated PEG or activated PEG derivative with 
chitosan is preferably performed in an aqueous media. Alcohols or 
alcohol/water mixtures can also be used. The P H of the reaction medium 
is preferably at least 8 and typically in the range 8 to 9. The preferred 
reaction temperature is between 20 and 30°C and typical reaction times 

10 are 12-48 hours. The occurrence of vinyl radical polymerization is 
inhibited by conducting the reaction under inert atmosphere, in the dark 
and in the presence of a radical inhibitor such as 4-methoxyphenol The 
molecular weight of the PEG or the PEG portion in the case of a PEG 
derivative is typically between 1 and 30 kD, preferably between 2 and 20 

15 kD and more preferably between 2 and 10 kD. 

Recovery of the PEG-chitosan conjugate or adduct is generally carried out 
by ultrafiltration in water or by evaporating the reaction solvent and 
extracting the crude material with a new solvent. 



20 



The purity of the adduct can be assessed by GPC, FT-IR, NMR and UV 
spectroscopy. Checking for residual activated PEG or activated PEG 
derivative is usually performed spectrophotometrically at 233 nm. 

25 The method can have advantages over other PEGylation processes known 
in the art because: 

(a) free base is the species reacting with the double bond so that the 
reaction rate tends to increase with increase in pH, i.e. with 
increasing the concentration of free base; 
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(b) no by-product is produced during the reaction; and 

(c) the aminic character of the amino groups on the chitosan is not 
changed as a consequence of the grafting reaction. 

In another embodiment, the PEG-chitosan conjugate is prepared by a 
process which involves activating the chitosan rather than the PEG or PEG 
derivative. Activation of the chitosan is preferably achieved by adding a 
large excess of a bis(acrylamide) to the chitosan. After the chitosan has 
reacted with the bis(acrylamide), the excess bis(acrylamide) is preferably 
removed and the activated chitosan reacted with a PEG or PEG derivative 
preferably a monofunctional PEG carrying a hydroxyl, sulfhydryl or 
primary or secondary amino group. 

Accordingly, in a further aspect of the present invention there is provided 
a process for preparing a PEG-chitosan conjugate comprising the steps of: 

(1) preparing an activated chitosan by reacting it with a 
bis(acrylamide); 

(2) optionally removing any excess bis(acrylamide) , 

(3) reacting the activated chitosan with a PEG or PEG derivative, 
preferably a monofunctional PEG carrying a hydroxyl, sulfhydryl 
or primary or secondary amino group; and 

(4) recovering the conjugate of the monofunctional PEG and 
chitosan. 

Grafting bis(acrylamide) to chitosan may make the chitosan more soluble 
or at least more swellable at P H ^ 8 and, moreover, may provide for 
reacttve functions which are more accessible than the original NH 2 groups 
which are close to the main polymer chain. 
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Furthermore, activating the chitosan with bis(acrylamide) may allow 
higher amounts of PEG to be grafted or bonded to the chitosan. 

The PEG-chitosan conjugates prepared by the above described methods 
5 compnse a chitosan moiety and a PEG moiety which are joined together 
through a linking group or coupling moiety having the formula 
CH 2 CH 2 C(0)-R>-X-. The linking group is bonded to the amino 
nitrogen on the chitosan moiety via the -CH 2 CH 2 - group and to the PEG 
moiety via the X group. In the linking group, R* is a bond or a divalent 
10 organic group, X is oxygen, sulphur or -NR 3 - and R 3 is H or an organic 
group such as alkyl, e.g. C,. i0 alkyl. 

Accordingly, in a further aspect of the present invention there is provided 
a PEG-chitosan conjugate having the formula: 



15 



[Cm-NR' 2 ] 



p 



wherein: 

Cm is the remainder of the monomeric unit making up the chitosan 
20 m 01 ety or a derivative of such a monomeric unit; 

P is an integer and represents the number of monomeric units of 
formula -Cm-NR' 2 - in the chitosan moiety, 

each R 1 is independently H or a group -A-PEG providing that at 
least a proportion of the R 1 groups are -A-PEG; 

each PEG is independently a polyethylene glycol moiety or a 
derivative thereof; 

each A is independently a linking group having the formula 
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10 



15 



20 



-CH 2 CH 2 -C(0)-R 2 -X- which is bonded to the amino nitrogen on the 
chitosan moiety via the -CH 2 CH 2 - group and to the PEG moiety via the X 
group; 

R is a bond or a divalent organic group; 
X is oxygen, sulphur or -NR 3 -; and 
R is H or an organic group, 
or a physiologically acceptable derivative thereof. 

In the above Formula I: 

For the avoidance of doubt, in referring to Cm as the remainder of the 
monomeric unit making up the chitosan moiety we are referring to a group 
which together with the -NH 2 group makes up the full monomeric unit 
found in chitosan. Thus, the complete monomeric unit itself has the 
formula Cm-NH 2 . By a derivative of such a monomeric unit we are 
referring to physiologically acceptable derivatives in which a hydroxyl 
group has been modified. Suitable derivatives include O-acylated and 
alkylated materials such as O-benzoyl chitosan and O-sulphated chitosans 
as detailed in Chitin Chemistry, A F Roberts, Macmillan, 1992, p. 166. 

Cm is preferably the remainder of the monomeric unit making up 
chitosan. 



p is preferably an integer in the range of from 50 to 6000, more 
25 preferably in the range of from 100 to 3000 and particularly in the range 
of from 150 to 2000. 

PEG is preferably a modified polyethylene glycol moiety having the 
formula R 4 + OCH 2 CH 2 ^ where R 4 is an aliphatic, alicyclic or 

15 
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a„ ydrocarboa group such ^ ^ aM cydoaikyi ^ 

!Z n " an mte8er - Preferab,y r is ^ more cT. 

from 10 * 10 00 and is preferably ta to range of ftom *° 
R ! is preferably a bond or a divaien, organic group having the fonnnia: 



10 
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O 

-CH 2 CH 2 C - R 5 

II 



where R is a divalen, organic group which is bonded ,o d» carbony! 
(C(0)) group of , inking group A. Preferably R» is ^ t0 ^ 
group m Fornruia „ above and ^ ^ ^ ^ 

■mrogen aroms. More preferab.y, R> is . group havillg ^ 
- N - R 7 - N - 
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or 



25 



R 8 R 9 
\ S 
^CH - CH 

N \ N . 
\ / 
/CH - CH 

R 10 X R " 



IV 



where each R « is fcdependendy . linear or ^ ^ 

- a drvalen, organic group, particularly a linear or branched c M aUcylene 
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chain and R 8 R 9 R 10 arir t o»» 

. R.R andR are each independently H or a linear or 
branched C,. 3 alkyl chain. 



X is preferably oxygen or -NR 3 -. 

5 

Suitable organic groups for R» include hydrocarbon groups such as alky, 
e -8- Cj.,0 alkyl. Preferably R 3 is H. 

The structure of the PEG-chitosan conjugates resulting from the two 
10 methods described above is somewhat different. For example, if we 
employ an aminated monomethoxy-PEG having the structure: 

CH 3 -f OCH 2 CH 2 -fe. OCH 2 CH 2 -NH 2 v 
15 and if chitosan is represented as: 

@-NH 2 VJ 

where (ST) represenrs the polymeric chain in chhosan and -NH 2 
» represents a single primary amine group in me chain, then ore conjugate 
prepared by activating the aminated monomethoxy-PEG with an 
acrylamido group and reacting the activated compound with chitosan has 
the structure: 



25 



CH 2 CH 2 CNH-CH 2 CH 2 0-<- CH 2 CH 2 O^CH 3 



VII 



II 

o 
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In „ * al[ernalive procesj js empioyed ;n wMch ^ chjtosan 



acvated by reacting it with a bi S (acry la mide) having the 



structure: 



O O 

ii II vni 

CH 2 = CHC - R 5 - CCH = CH 2 



where R 5 is a group having the formula: 



- N - R 7 - N - 

10 R 6 R 6 



or 



III 



15 R 8 R 9 

\ / 
.CH - CH 

M \ IV 

^CH - CH 
R 10 N R » 
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the corresponding conjugate has the following structure: 



25 R 

o o 
w \ II 



CH 2 CH 2 C - R* - CCH 2 CH 2 -NH-CH 2 CH 2 O^CH 2 CH 2 0^ CH 3 



IX 
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wherein; 

R is hydrogen or a second PEG chain bound to chiiosan in toe same 
way toa, ,s torough an acrylamide (method or ^ ^ 
(method 2) coupling moiety; 

R 6 is a linear or branched C M alkyl chain; 

R 7 is a linear or branched C M alkylene chain; and 

R 8 , R 9 , R 10 and R» are each independently H or a linear or 
branched C,. 3 alkyl chain. 

In drug arming and drug delivery, as weU as in diagnose imaging and 
tn Ore administration of vaccine systems, paniculate materials to the fotm 
of emuhtons, Upoaomes, microparticles. microcapsu.es and nanopartides 
areemptoyed. Such partides often cany a ne, negative charge. It is often 
unportan. to be ab,e ,o modify mis negative charge through toe process of 
surface modification. For example, as mentioned above, toe properties of 
Itposomes can be modified by toe adsotption of chitosan. It is now 
possible through toe present invention to modify such particles with toe 
PEG-chitosan system so that toe particle carries no, only a positive charge 
bn. a polyethylene g.ycoi gr „„ p ^ wiII provk)e fof ^ 
and beneftcial biological and physical properties. 

In toe f,e.d of gene therapy, i, is often taportan , , 0 ^ ^ ^ ^ 
plasmid material comprising nucleic acids i„ t0 . small partic]e (m 
unproved administration. We have discovered that a PEG-chitosan 
conjugate can be used to compact piasmid DNA. The compacts produced 
should have enhanced solubility and beneftcial properties for toe 
■meraction with ceHs and toe subsequent expression of toe gene product 
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The PEG-chitosan ma.erial described herein could be further modified by 
the attachment of targeting ligattfs t0 rae hydroxyl and ^ 
fi.nc.ions in order to achieve she specific argettag . Such ^ ^ ^ 
the form of sugars and proteins. The latter can inch.de monoclonal 
anubodies and fragment .hereof. The sugars include mannose, fucose and 
galactt.se. The choice of sugar will be dicuued by .he nature of the .issue 
or eel, ma. is identified as the target she. For example, a complex of 
PEG-chhosan wim DNA could be ,arge«ed ,o me liver by me covalen. 
attachment of a ttiantennary galactose moiery. 

Figure 1 is a graph showing the effee. of added Na^O. on fte properties 
of polystyrene particles (190 nm, coa.ed with chitosan or PEG-chitosan. 

Figure 2 is a graph showing me effect of increasing chitosan and PEG- 
chnosan concenttations on me size of the complexes formed between these 
materials and DNA. 

Figure 3 is a graph showing the effect of adding chitosan and PEG- 
chUosan on the fluorescence of a DNA/ethidium bromide complex. 

The present invention is now illustrated but not limited with reference to 
the following examples. 

(A) Preparation of monomethoxy-PEG piperazinyl formate (MPEG-PF) 

Monomethoxy-PEG 1900 (12.26 g, 6.45 mmol) was dissolved in "alcohol- 
free" CHC1 3 (60 ml). The solution was dried overnight over calcium 
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hydride, which was then removed by flhradon. l,l--cnrbony,diimidazole 
of 97 % purity (2.16 g, 12.9 was ,hea added and the resulting 

solution altowed ,o stand a, 30«C for 30 min after which cold water was 
added (10 ml) and the mixture stirred for 10 min. After separation of the 
i Phases, anhydrous pipeline (0.56 g, 12.9 mmol) was added to the 
organic phase and allowed t o react for 20 hours at 25°C. The solution 
was men diluted with CHCl, (100 ml), extracted with water (5 x 30 ml) 
dried with Na 2 S0 4 , filtered, concentrated in vacuo to 60 ml and finally 
ponred into dierhyl enter at about 10-C. The powder which precipitated 
out was collected by filtration and dried to constant weigh, a, 0 1 torr 
The yield was 10.64 g. The GPC chromatogram exhibited one peak with 
retention time 1030 sec. The FT-IR spectrum showed a band in the 
methane region a. 1703 cm-'. The molecular weight, determined by 
potentiometric titration with 0.1 M HC1, was 2190. 

(B) Preparation of monomethoxy-PEG acrylamide (MPEG-AA) 

MPEG-PF (7.07 g; 3.23 mmol) was dissolved in dry, "alcohoMree" 
CHCl, (10 ml) and distilled water (2 ml) was added. 2.4 ml of a 2M 
solution of acryloyl chloride in CHCl, (4.8 mmol) and 2.4 ml of a 2M 
NaOH aqueous solution (4.8 mmol) were then added together, drop-wise 
under vigorous stirring while maintaining the temperature at about 5°C 
Once the addition was completed, the reaction mixture was left at 25°C in 
the dark and under stirring for 1 hour. The reaction mixture was then 
diluted win, CHC1 3 to 150 ml and washed in a separatory mnne! with 5% 
KNO3 (2 x 30 ml) and water (1 x 30 ml). After drying with Na 2 S0 4 and 
filtenng, the volume was reduced to about 50 ml by evaporating most of 
the CHCl, in vacuo. The solution was men diluted with diethyl ether (200 
ml). The product which precipitated out was cmlected by filtration and 
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dried to constant weigh. „ „., ,„„. The yjeM waJ ^ g ^ Qpc 
chromamgram exhibited one peak with retention rime 1020 sec The FT 
IR spectium » very similar W that of starting MPEG . PFi bu[ showed ^ 
atnidic band at 1649 em". The nrolecutar weigh,, determined 
spec.ropho.ome.ricaUy a, 233 nm in water using the ca.ibra.ion curve of 
N-acryloylmorpholine, was 2300. 

(C) PEGylationofchitosan 

Chitosan hydrochloric sal, (SeaCnre CL 113) «.03 g, 5.2 men). MPEG- 
AA (3.91 g, 1.7 mmol) and 4-meU.oxyphenol (5 mg) were dissolved in 
d.s.uled wa,er and me pH of mis mixture was raised ,o 8 by adding d rop 
wtse and under vigorous stirring triemylamine dissolved in a 31 
H 2 0/CH 3 OH mixmre. A precipitate was formed at pH>7. The reaction 
mixture was s,irred a, 25-C under a nitrogen atmosphere aud in me dark 
for «en days. The pH was brought ,„ 3-4 by addition of diiuted HC1 and 
the resulting somtion was freeze-dried. The powder was collect 
extmced in a Soxhle, appamms wim a 3:1 diethy! eurer/C^C, mixmre 
and dned in vacuo up to constant weight. The yield was 1.20 g. 

The UV spectrum recorded in water did no. exhibit any peak a. 233 nm 
tndicating ma, no residual MPEG-AA was present. In me PT-IR specrum 
a shoulder at around 1700 cm" was detected which was absent from ,„e 
specmtm for native chirosan so indicating the presence of grafted PEG 
Elemental analyses performed on the produc. (C: 37.69%, H: 7.17%, N . 
5-78%, CI: 14.09%), on starting chitosan (C: 34.91%, H: 6 42% ' N 
6.56%, Cl: 17.04%) and on MPEG-AA (C: 54.49 %, H: 8.87%' N- 
1.25%) established tha, dre PEG content was 14% by weigh.. Mohr 
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■talon of chloride ions executed on both the product and mtive chitosa „ 
confirmed this value. 

The same process as described above has been used ,o prepare PEG- 
chuosan co.np.exes from chi,osans having molecu lar weights in the range 
.0,000 to 500,000 DaUons and from po.yethy.ene gIy co. ma teria,s having 
molecnlar weights in the range 750 to 10,000 Daltons. The degree of 
conversion of the chitosan to ^ ^Gyl^ fom „ con(ro||ed 
through the chemical reaction. 

In the above method for preparing the PEG-chitosan conjngate, it couid be 
beneficial to increase the solubility of me chitosan at pH > 7, and we 
have found mat isobutyric acid gives a more soluble chitosan sal. a. about 
pH 7 compared to hydrochloric acid. 

BMa ^ toparation nt PFG o M TO an mi „„ „ rli ^ 

(A) P repa r a „o„ of monomethoxy-PEG piperazinyl formate (MPEG-PF) 

Monomethoxy-PEG piperaziny! fonnate (M P E G-PF, was prep a red using 
exactly me same technique as described in Example 1 (par. A) above, bu, 

using monomethoxy-PEG 550 (3 55 a * a* « - 

S' 64 5 mmol) instead of 
monomethoxy-PEG 1900. The yield was 5.18 g. 

(B) PEGylation of chitosan 

Cbitosan (Fluka; MW = 70000) (0.40g. 2.5 me„ was dissolved in 
dtstUled water (30 mis, containing isobutyrlc acid (0.22 g, 2.5 meq) . 4 
btsfacrytoylpiperazine, (2.43 g. ,2.5 mmol, was men added to me 
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cmtosan solution and ^ [0 reac( for 24 hours m 25oc , n ^ ^ ^ 
under a nitrogen annosphere. Unreaced M-bisfacryloylpiperaziue) was 
fen removed by extraction wim chloroform (8 x 5 ml). MPEG-PF was 
men added (3.25 g, 5.0 me,) ,o me aoueous phase and allowed ,o react 
> ^ 10 days a. 25-C in me dark and under a nitrogen annosphere, me pH 
being adjusted ,o 7 by me addition of isobmyric acid. The solution was 
freeze dried, extracted in a Soxhiet apparams with a 3 :1 diethyl 
emer/CH 2 Cl 2 mixmre and dried in vacno to constant weight. The yield 
was 0.38 g. " } 

Grafting of the PEG onto the ehitosan was confirmed by FT-IR 
specnoscopy with a peak being observed a. ,700 cm" which is typical of 
PEG-ptperazinyl formate and absent in native chi.osan. From me ratio of 
•he area of thia peak to mat a, .630 cm-, (which is typical of chitosan) 
the PEG content was calculated to be around 20 % by weight. 

fiEUI1Bk - 2 Tbt plmiri " i " iwrn ' i "" "PEG 1 - hi -iii n t r m lUuma „ 

To illustrate the physical adsorption of PEG.hi.osan ,o particles 
polystyrene nanopardc.es were used as a mode, system. The polystyrene 
parties were purchased tan ,DC Spheres. Interfacia, Dynamics Corp 
^ PmklcS Were saMi ^ *i* negative sulphate groups The 
particle size of me unmodified lattices, as measured by photon correction 
spectroscopy (PCS) (Malvern S4700, UK), was 190 nm. 

Samples of me polystyrene partic.es were coated wim either chitosan 
(Seacure CL 1.3) or with a PEG-chnosan conjugate. The PEG-chhosan 
conjugate was prepared as in Example 1 from chitosan SeaCure CL 113 
ob.au.ed from Pronova Ltd.. Norway. The chitosan had an average 
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molecular weight of about 50 kD and an intrinsic viscosity of m 
Abou, 12% of me amino tactions were accrued (88 % deaccyUted ' 
The average molecnlar weigh, of «he attached PEG was 2100 and me 
degree of PEGylation 15 % . 



D.fferent quantities of the chitosan and PEG-chitosan conjugate were 
added to 10 ml glass test tubes (0-100 pg) together with 1. 5 m, of purified 
water. 0.5 ml „f a „.,« suspension of polystyrene partic.es was then 
added (represent 500 pg of partides) drop wise with vigorous stirring 
for 2 hours. The effect of the adsorbed chitosan and PEG-chitosan on the 
zeta potential of the panides was measured using a Ma.vem Zen, Sizer 
(Mark IV), Malvern Instruments, UK, a. pH 7.4 in 1 tnM HEPES buffer. 

The nncoated polystyrene parades carried a net negative charge of -50 
mV. The addition of chitosan or PEG-chitosan gave rise to a rapid charge 
reversa! as measured using a Zeta Sizer so ma, me polyene panicles 
earned a ue, positive charge of +20 mV upon me addition of 100 pg of 
chitosan or PEG-chi,osan ,o 500 pg of me polys^rene panicles suspended 
m 2 ml of an aqueous buffer solution. Hence, bom chitosan and PEG- 
chuosan have me abiliry ,o stio„ gl y adsorb ,o a negative.y charged 
colloida! panicle and reverse the charge. The pom, of zero charge was 
reached after the addition of 12 pg of chitosan to the system and 18 pg of 
PEG-chitosan to the system, demonstrating the difference between dte 
PEGylated and nnPEGy.ated materials. A similar difference could be 
seen for the addition of me same quanthy of chitosan or PEG-chitosan to 
me system. For exampie, for 20 ug added cationic polymer dte ze«a 
potentia! was + 13 mV for dte chitosan system and + 5 mV for the PEG- 
chitosan system. 
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The addition of a positively charged polymer to a negatively charged 
colloid such as polystyrene parti cles of 190 nm will give rise to 
flocculation. This process was investigated by measuring the optical 
density (OD) of me system at 600 nm after dilution 50:50 with the 
dtspersion medium before measurement. For the addition of chitosan the 
concentration of cationic polymer required to obtain a maximum OD of 
0.68 was 5 pg (added to 500 ug of polystyrene particles in 4 ml). For the 
PEG-chitosan system, a maximum OD of 0.66 was obtained at 10 pg of 
PEG-chitosan added to 500 pg polystyrene particles suspended in 4 ml 
Thus, both chitosan and PEG-chitosan cause flocculation of negatively 
charged model colloidal particles, but the quantities required were 
different so reflecting the difference between PEG-chitosan and chitosan. 

The ability of coated particles to withstand flocculation was measured by 
studying the effect of added sodium sulphate (Na 2 S0 4 ). The Na 2 S0 4 
induced flocculation of coated polystyrene particles (190 nm) was 
measured using a weight ratio of chitosan or PEG-chitosan to particles of 
1:5. The optical density (OD) at 600 nm was used to assess the properties 
of the coated particles. 

Figure 1 shows the effect of added Na 2 S0 4 on the properties of 
polystyrene particles (190 nm) coated with chitosan and PEG-chitosan 
respectively. (0.2 ml of polymer coated particles (10 pg chitosan or PEG- 
chitosan/50 pg polystyrene)) in 0-1.6 M Na 2 S0 4 solution). Both the 
chitosan and PEG-chitosan coated particles were affected by low 
concentrations of Na 2 S0 4 (the uncoated particles required at least 0.25 M 
Na 2 SQ 4 to commence a change in OD). The OD of the chitosan coated 
particles remained constant at Na 2 S0 4 concentrations above 0.8 M Na 2 SO 
while the PEG-chitosan coated particles demonstrated a change in OD 
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These reams again demonstrate ». difference betwee „ ^ ^ ^ 
chitosan as coating materials. 

5 

The different properties of chitosan and PEG-chhosan ean be measured by 
the Na 2 SC, indnced flotation of solndons of the two cationic po.ymera 
Two different ouanlUies of the chitosan and PEG-chhosan as described in 
Examp.e 3 were suspended in 0.4 tnl of warer, 0.1 mg and 1 mg Then 
■o Na 2 S0 4 was added ro indnce flotation. The degree „, flotation was 
measured as previous* a S Ore OD a, 600 tun. At an Na 2 S0 4 concentration 
of 0.2 M the following OD figures were obtained. 

PEG-chitosan (0. 1 mg) OD = 0.005 
ts Chitosan (0.1 mg) OD = 0.02 

PEG-chitosan (1 mg) OD = 0.045 
Chitosan (1 mg) OD = 0.13 

The resnus show ma, for me same concentration of cationic p„, y mer, me 
PEG-chtrosan system is more stable to Na 2 S0 4 mduced noccuiation than 
chitosan. 
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Studies 

In order ,o demonstrate me difference berween me compaction of DNA 
wtm chitosan and rhe cmpacdon of DNA „ itJl PEG . chitosan 
eonjugate, a model p.asmid material was employed. This is in rhe form of 
•he ptasmid CMV-CAT ma, encodes for chloramphenieo, acery, 
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transfer (CAT), a so-caUed reporter gene systm The p _ CA? 
was obtatned from Gene Medieine Ine., Houston, USA. 

The interaction between a pUsmid and a cationie po.ymer can be followed 
■ by a variety of techniques including the following: 

(1) Particle size measurement on the complex using photon correction 
spectroscopy. 



(2) 



(3) 



Measuring the zeta potential of the plasmid-complexing agent 
complex using particle microelectrophoresis. 

Measuring the state of compaction of the plasmid by studying the 
fluorescence of the plasmid DNA material in the presence of 
ethidium bromide. 



(4) Titration microcalorimetry in which the heat of interaction berween 
the positively charged polymer conjugate and the negatively 
charged DNA material is determined. 

In mis exampte and in Example 6 which fohows, a number of the above 
techniques were used to aiustrare the differences between compaction 
usmg chttosan and compaction with the PEG-chitosan system The PEG 
chitosan was prepared from a sample of SeaCure CL 1,3, where about 
12% of file amino functions were acetytated. The method described in 
Example 1 was emp.oyed. The average molecular weight of fire PEG 
bound ,o the chitosan was 2100. Unmodified chitosan SeaCure CL H3 
was used as a control. 
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Photon Correlation Spectroscopy and Zeta Potential Measurements: 

The pCAT-DNA/chitosan or the pCAT-DNA/PEG-chitosan complexes 
were prepared in the following way to give different pCAT-DNA/polymer 
> ratios. 

81.1 ug (100 ul) of pCAT-DNA in 2 mJ of ultra pure water was slowly 
nnxed with 525 ug of chitosan or PEG-chitosan (0.35 ml of a 0 15 % 
solution) under stirring to give a pCAT-DNA .polymer weight ratio of 
1:6.5. 

81.1 Mg (100 pi) of pCAT-DNA in 2 ml of utaa pure water was rapidly 
mixed witt, 810 pg of chitosan or PEG-elii t o S an (0.81 ml of a 0 1 % 
solution) under stirring ,o give a pCAT-DNA:polymer weight ratio of 

The size of chitosan and PEG-chitosan complexes and their zeta potentials 
tn wa« and 1 mM HEPES buffer a, pH 7.4 were determined using a 
Malvern S4700 PCS and a Malvern Zee, Sizer (Mark IV), respectively It 
can be seen from Table 1 tha, the surface properties of the chitosan-DNA 
complex are different from me properties of the DNA comp.ex made witt, 
the conjugate that is the subject of the present invention. I, ls believed 
mat the improved solubiiity of this complex and the difference in panicle 
charge is beneficial for a biologica. response. Interestingly, the complexes 
formed by chitosan and PEG-chicosan with DNA produced small sized 
nanoparticles of about 140 nm as measured by PCS. 

It will be appreciated by those skilled in the art that the size of the 
resultmg complexes between plasmid DNA and a compacting polymer will 
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be affected by the ratio of the interacting components and the processing 
conditions (i.e. mixing speed). 

Table 1 Particle size and ^ rf ^ 

1 chitosan)/DNA complexes 



Ratio (w/w) 
(l^g^g) 


DNA/CTS 


DNA/PEG-CTS 




Size (nm) 


ZP (mV) 


Size (nm) 


ZP (mV) 


1:6.5 


138.3 


32.2 




20.9 


1:10 


172.5 


40.4 


140.8 


31.2 



Example 



In thts example, a more detailed sntdy of .he interaction between a 
selected p.asmid DNA tnaterial (CMV-CAT) and PEG-chitosan was 
carried on.. The piasmid was a, a concentration of 1 mg/ml and ^ PEG . 
chhosan a. 500 microgram/ml. The PEG-chi.osan was centrifuged a. 
10,000 rpm for 10 mina .o remove any particulate from me solntton To a 
solution of 50 pg of DNA in 1 ml of water, was added an aliquot of PEG- 
chttosan solntion eqniva.en. to charge ratio DNA:PEG-chitosan of 10 25 
The solution was stirred for 5 minutes and left to complex for 10 minutes. 

The size of the complex was determined using Photon Correlation 
Spectroscopy. Further aliqnots of PEG-chitosan were then added. 



30 



WO 99/01498 



PCT/GB98/01971 



Figure 2 shows the effect of increasing chitosan and PEG-chitosan 
concentrations on the size of the resultant complexes. At low chitosan or 
PEG-chitosan concentration, there is not sufficient polymer to condense 
the plasmid DNA. However, at a ratio between 0.75 - 1.5 of DNA: PEG- 
chitosan or DNA-chitosan, a complex is formed which is reduced in size 
to less than 190 nm at a charge ratio close to 1:1. With further increase in 
polymer concentration, the size of the complex increases. The results 
show the importance of the amount of PEG-chitosan added for complexing 
DNA with the polymer. The results also show that the presence of the 
PEG function does not gready affect the condensing properties of 
chitosan. The greater size of the PEG chitosan complexes as compared to 
the chitosan complexes is considered to be due to the PEG group 
providing a steric barrier. 

Fluorescence Study: 

The interaction of DNA with chitosan and with the PEG-chitosan 
conjugate was examined through a process of fluorescence determination 
using ethidium bromide (EtBr) as a marker material. Plasmid DNA 
interacts (intercalates) strongly with the ethidium bromide to display 
strong fluorescence. However, if the plasmid is compacted then the 
fluorescence decreases markedly suggesting displacement. 

The decrease in fluorescence was measured as follows. 

8. 1 1 ng of plasmid DNA was mixed with 2 M g of EtBr. The fluorescence 
of this complex was determined using a fluorescence spectrometer 
(Perkin-Elmer 3000, UK) with emission at 591 nm and excitation at 366 
nm. 1 ug portions of chitosan or PEG-chitpsan were added incrementally 
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to the complex and the decreased fluorescence of the complex measured 
Chitosan (CL 113) and PEG-chitosan were used to compare the efficiency 
of EtBr displacement. 

The displacement reaction is shown in Figure 3. As seen in Figure 3, the 
compaction of the selected plasmid DNA material with chitosan displays a 
different profile to the compaction with PEG-chitosan. 

For chitosan (CTS) the displacement reaction finished when the addition 
of chitosan calculated from Figure 3 was 7.47 ug. For PEG-chitosan 
(PEG-CTS) this value was 10.66 ug. At this point, the weight ratio of 
DNAxhitosan was 1:0.92 and the weight ratio of DNA.PEG-chitosan 
1.31. 

Although more PEG-chitosan than chitosan was added to finish the 
displacement reaction on a weight basis, the molar concentrations of the 
two polymers were very close - 0.033 umol for chitosan and 0.039 umol 
for PEG-chitosan. 

The example shows that the PEGylation of chitosan does not substantially 
affect the ability of chitosan to intereact strongly with plasmid DNA. 

Microcalorimetry : 

The interaction between chitosan and PEG-chitosan and a negatively 
charged plasmid was assessed by the heat exchange that occurred during 
the reaction using a technique known as isothermal titration 
microcalorimetry. A thermal activity monitor available from 
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Thermometrfc. Model 2277 in Sweden was nsed to monitor the heat 
change. 

The method involved injecting a solution of chitosan or PEG-chitosan 
from a precision syringe into two DNA solutions at specified time 
intervals. 2.0 ml of a DNA solution containing 81.1 pg pDNA was used 
for each experiment and 0.35 ml of the chitosan and PEG-chitosan 
solutions were added as 35 separate 10 m injections. The time interval 
between two injections was about 10 minutes. 

Each injection of chitosan or PEG-chitosan led to the evolution 
(exothermic process) or absorption (endothermic process) of heat which 
was picked up by the thermal activity monitor and recorded as a series of 
peaks, the value of which was calculated. The heat change was measured 
after each addition. 

0.35 ml of the chitosan and PEG-chitosan solutions were also added to 2 0 
ml distilled water as 35 separate 10 ul injections in order to determine the 
heat of dilution which was then subtracted from the measured heat 
exchange resulting from the interaction between chitosan and PEG- 
chitosan and the DNA solution. 

Initially the interaction between the DNA and both the chitosan and PEG- 
chitosan was an exothermic process which became less exothermic as 
more of the chitosan and PEG-chitosan solutions were added, eventually 
becoming endothermic. 

The interaction was followed by measuring the quantity of chitosan or 
PEG-chitosan needed to provide an endothermic response. The ratio of 
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DNA to chitosan or PEG-chitosan at this point was then calculated (Table 
2). 

Table 2 The interaction between chitosan or PEG-chitosan and 
5 Plasmid DNA 



CTS or PEG-CTS 



DNA/CTS or PEG-CTS ratio (w/w) 





0.05% CTS 


1:0.80 


10 


0.12% CTS 


1:0.74 




0.15% CTS 


1:0.74 




0.15% PEG-CTS 


1:1.11 




0.20% PEG-CTS 


1:0.99 


15 


0.30% PEG-CTS 


1:1.11 



The stoichiometry of the interaction can be calculated: 

The mean MW of plasmid DNA per a phosphate group was calculated as 
20 308.8 Daitons. The mean MW of chitosan (87% of deacetylation) per an 
amino group was calculated as 227.9 Daitons. 
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The mean MW of PEG-chitosan (15% of PEG 2100 w/w., 87% 
deacetylation) per an amino group was calculated as being 273.9 Daitons. 

When the ratio of opposite charge units (or mole ratio) is 1:1, the ratio of 
DNA to chitosan by weight is 1:0.74 and DNA to PEG-chitosan by weight 
is 1:0.89. These theoretical values are very close to the experimental 
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results obtained from the macrocalorimetry study. These results indicate 
that the PEG-chitosan can interact with DNA and form a complex. 

The invention provides for the use of a PEG-chitosan material in drug 
5 delivery. The PEG moiety may confer advantageous properties, 
particularly in relation to the physicochemical properties of the chitosan 
material and the interaction of chitosan with surfaces, particles and DNA 
where it will be possible to provide a combination of positive charge (from 
those NH 2 groups of the chitosan that have not been PEGylated) and the 

10 PEG-modified amino groups. PEG-chitosan may also improve the 
paracellular transport of drugs as already described for chitosan itself. 
Moreover, the PEG-chitosan conjugate may be used to form controlled 
release materials in the form of microspheres, microparticles and matrices 
for administration to the gastrointestinal tract, to the vaginal cavity, to the 

15 nose and to the buccal cavity. 



The conjugate could also be used for the administration of drugs to the eye 
wherein the chitosan would bind preferably to the mucus. Such an agent 
may also be used for the treatment of dry eye syndrome, where the PEG 
20 moiety provides a steric stabilisation and lubricating effect. These products 
could be delivered to the eye using eye-drop systems known in the art. 

PEG-chitosan complexes with carbohydrates such as alginates, xanthans, 
dextran sulphate and gellan could be beneficial as gels for drug delivery 
25 applications. PEG-chitosan can also be interacted with heparin and other 
negatively charge macromolecular drugs to form complexes. Nasal and 
vaginal products as liquids or powders based on PEG-chitosan can be 
delivered by conventional devices such as spray pumps, powder 
insufflators or syringes. 
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Claims: 

1. A polymer conjugate comprising a chitosan moiety or a derivative 
5 thereof and a polyethylene glycol moiety or a derivative thereof which are 

bonded together via the amino function on the chitosan by the use of an 
activated chitosan species. 

2. A conjugate as claimed in claim 1, wherein the activated chitosan 
10 species is prepared using bis(acrylamide). 

3. A polymer conjugate comprising a chitosan moiety or a derivative 
thereof and a polyethylene glycol moiety or a derivative thereof which are 
bonded together, the chitosan portion of the conjugate having a molecular 

15 weight in the range of from 10 kilodalton to 1000 kilodalton. 

4. A PEG-chitosan conjugate having the formula: 
-[Cm-NR 1 ^- ! 

20 

wherein: 

Cm is the remainder of the monomeric unit making up the chitosan 
moiety or a derivative of such a monomeric unit; 

p is an integer and represents the number of monomeric units of 
25 formula -Cm-NR l 2 - in the chitosan moiety, 

each R 1 is independently H or a group -A-PEG providing that at 
least a proportion of the R 1 groups are -A-PEG; 

each PEG is independently a polyethylene glycol moiety or a 
derivative thereof; 
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each A is independently a linking group having the formula 
-CH 2 CH 2 -C(0)-R 2 -X- which is bonded to the amino nitrogen on the 
chitosan moiety via the -CH 2 CH 2 - group and to the PEG moiety via the X 
group; 

5 R 2 is a bond or a divalent organic group; 

X is oxygen, sulphur or -NR 3 -; and 
R is H or an organic group, 
or a physiologically acceptable derivative thereof. 

10 5. A conjugate as claimed in claim 4, wherein Cm is the remainder of 
the monomeric unit making up chitosan. 

6. A conjugate as claimed in claim 4 or claim 5, wherein p is an 
integer in the range of from 50 to 6000. 

15 

7. A conjugate as claimed in claim 6, wherein p is an integer in the 
range of from 150 to 2000. 

8. A conjugate as claimed in any one of claims 4 to 7, wherein PEG 
20 is a modified polyethylene glycol moiety having the formula 

R 4 OCH 2 CH 2 -^h— where R 4 is an aliphatic, alicyclic or aromatic 
hydrocarbon group and n is an integer. 

9. A conjugate as claimed in claim 8, wherein R 4 is alkyl. 

25 

10. A conjugate as claimed in claim 9, wherein R 4 is methyl. 

11. A conjugate as claimed in any one of claims 4 to 10, wherein R 2 is 
a bond or a divalent organic group having the formula: 
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O 

11 5 

-CH 2 CH 2 C - R - n 



5 where R 5 is a divalent organic group which is bonded to the carbonyl 
(C(O)) group of linking group A. 

12. A conjugate as claimed in claim 11, wherein R s is bonded to the 
carbonyl group in Formula II and the carbonyl group of linking group A 

10 via nitrogen atoms. 

13. A conjugate as claimed in claim 12, wherein R 5 is a group having 
the formula: 



15 - N - R 7 - N - 

R 6 R 6 



or 



20 R 8 ^ R 9 



25 



III 



\ / 

^CH - CH IV 

N N N 

\ / 
CH - CH 

R 10 V 1 



where each R 6 is independently a linear or branched C^ alkyl chain, R 7 
is a divalent organic group and R 8 , R 9 , R 10 and R u are each independently 
H or a linear or branched Cj. 3 alkyl chain. 
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14. A conjugate as claimed in claim 13, wherein R 7 is a linear or 
branched C,^ alkylene chain. 



15. A conjugate as claimed in any one of claims 4 to 14, wherein X is 
5 oxygen or -NR 3 -. 



16. A conjugate as claimed in any one of claims 4 to 15, wherein R 3 is 
alkyl or H. 

10 17. A conjugate as claimed in any one of the preceding claims, wherein 
the chitosan portion of the conjugate has a molecular weight between 100 
kilodalton and 300 kilodalton. 

18. A conjugate as claimed in any one of the preceding claims, wherein 
is the polyethylene glycol content of the conjugate is from 1 to 50% on a 

weight basis. 

19. A conjugate as claimed in claim 18, wherein the polyethylene 
glycol content is from 5 to 20% on a weight basis. 

20 

20. A conjugate as claimed in any one of the preceding claims, wherein 
the chitosan portion of the conjugate has a degree of deacetylation in the 
range of from 10 to 99%. 

25 21. A conjugate as claimed in claim 20, wherein the chitosan portion 
has a degree of deacetylation in the range of from 40 to 85%. 
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22. A conjugate as claimed in any one of the preceding claims, wherein 
the polyethylene glycol portion has a molecular weight of between 1 
kilodalton and 30 kilodalton. 

23. A conjugate as claimed in claim 22, wherein the polyethylene 
glycol portion has a molecular weight between 2 kilodalton and 10 
kilodalton. 



24. A pharmaceutical composition comprising a conjugate as claimed in 
to any one of claims 1 to 23. 

25. A composition comprising a conjugate as claimed in any one of 
claims 1 to 23 for use in medicine. 

15 26. The use of a conjugate as claimed in any one of claims 1 to 23 in 
the manufacture of a medicament for use in medicine. 

27. A composition comprising a complex formed between a PEG- 
chitosan conjugate and a therapeutic agent selected from the group 

20 consisting of oligonucleotides and nucleic acids. 

28. A composition comprising a complex formed between chitosan and 
a therapeutic agent selected from the group consisting of oligonucleotides 
and nucleic acids in which the chitosan is conjugated to a polyethylene 

25 glycol moiety. 

29. A composition comprising a complex formed between chitosan and 
DNA in which the chitosan is conjugated to a polyethylene glycol moiety. 
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30. A composition as claimed in claim 27 or claim 28, wherein the 
therapeutic agent is intended for use as a drug substance. 

31. A composition as claimed in claim 27 or claim 28, wherein the 
5 therapeutic agent is intended for use as a prophylactic or therapeutic 

vaccine. 



32. A composition as claimed in any one of claims 27 to 31, wherein 
the PEG-chitosan conjugate is a conjugate as claimed in any one of claims 
io 1 to 23. 



33. The use of a PEG-chitosan conjugate to modify the surface of a 
particulate carrier system intended for medical applications. 

15 34. The use of a PEG-chitosan conjugate to modify the surface of a 
liposome, emulsion, microcapsule, microsphere or nanoparticle, or to 
modify the surface of a drug particle. 

35. A particulate carrier system for medical applications the surface of 
20 which particles has been modified by a PEG-chitosan conjugate. 

36. A liposome, emulsion, microcapsule, microsphere, nanoparticle or 
drug particle the surface of which has been modified by a PEG-chitosan 
conjugate. 

25 

37. The use of the composition claimed in claim 35 or claim 36 for the 
delivery of drugs. 
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38. The use of the composition claimed in claim 35 or claim 36 for the 
delivery of antigens and allergens. 

39. The use of the composition claimed in claim 35 or claim 36 for the 
5 delivery of oligonucleotides and nucleic acids. 

40. The use of the composition claimed in claim 35 or claim 36 for the 
delivery of diagnostic agents. 

10 41. The use of a PEG-chitosan conjugate to enhance the systemic 
uptake of a drug across a mucosal surface. 

42. The use of a PEG-chitosan conjugate to enhance the solubility of a 
pharmaceutical agent in water or biological fluid. 

15 

43. The use of a PEG-chitosan conjugate for the local treatment of 
mucosal and topical surfaces of the body of a mammal. 

44. The use of a PEG-chitosan conjugate as antibacterial, antifungal 
20 and antiviral agents. 

45. Microspheres and microcapsules comprising PEG-chitosan and an 
additional therapeutic or diagnostic agent. 

25 46. Controlled release formulations of drugs prepared from the 
admixture of PEG-chitosan with therapeutic agents. 

47. Controlled release formulations as claimed in claim 46 prepared by 
compression and intended for delivery to the gastrointestinal tract. 
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48. Controlled release formulations as claimed in claim 46 for 
administration to the nasal, buccal and vaginal cavities. 

49. The use of the compositions based on PEG-chitosan for the 
administration of drugs to the eye. 
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The effect of Chitosan (CTS) and PEG-Chitosan (PEG-CTS) 
on the fluorescence of complexes between plasmid DNA and 
ethidium bromide (EtBr) 
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